Introduction {#sec1-1}
============

Inspite of the significant improvement in food production and advancement in science since independence, under nutrition continues to be a widespread problem in India.([@ref1]) The Government of India has initiated several large scale supplementary feeding programs in last 65 years; still one in three of world\'s malnourished children live in India, which speaks volumes of the sorry state of the nutritional status of the supposed future of the nation.([@ref2]) As per National Family Health Survey (NFHS) 3 data (2005--2006); 48% of Indian children, less than 5 years of age were stunted, 43% were underweight, and 20% of children had wasting.([@ref3]) Although, these statistics speak a lot about the prevalence of various forms of malnourishment among under 5 children, still they fail to answer a simple question that at a given point of time "how many Indian children are malnourished?"

These conventional indicators of undernourishment, for example, underweight (i.e., low weight for age), stunting (i.e., low height for age), and wasting (i.e., low weight for height) used separately, do not reflect the holistic burden of malnourishment. This is because stunting reflects chronic malnourishment; on the other hand wasting describes acute malnourishment; whereas, underweight takes into account both acute and chronic malnourishment, but misses out on stunted or wasted children whose weight is appropriate for their age.([@ref3])

Various indices have been tried time and again, to assess the holistic or the actual burden of malnutrition among under 5 children; one of them is Composite Index of Anthropometric Failure (CIAF) which has drawn the attention of nutrition scientists all over the world. CIAF incorporates all the three forms of malnourishment (i.e., underweight, stunting, and wasting) into one, and thus gives an overview of the total prevalence of malnourishment.

CIAF model was first developed by Peter Svedberg, a Swedish development economist, in year 2000.([@ref4]) Lately, Nandy *et al*., (2005) modified and used the CIAF on Indian data and argued its usefulness over the three conventional anthropometric measurements (i.e., underweight, stunting, and wasting).([@ref5][@ref6])

With the objective of using the CIAF model as proposed by Nandy *et al*.,([@ref5]) following study was conducted to estimate the actual or true prevalence of malnutrition and to assess its usefulness over various conventional anthropometric indicators among under 5 children residing in Agra city.

Materials and Methods {#sec1-2}
=====================

The present study was a cross-sectional study carried out in the urban field practice area of Department of the Social and Preventive Medicine, S.N. Medical College, Agra from June 2012 to July 2013. Ethical approval was taken from Institutional Ethics Committee before commencing the study.

With prevalence of CIAF among under 5 Indian children as 60%, maximum allowable error of 8%, nonresponse error of 10%, a minimum sample size of 458 was calculated. Simple random sampling was done to achieve the desired sample size. Informal verbal consent was taken from the parents of the study subject. Subjects whose parents did not consent to being a part of the study, who were very sick or those who were unavailable at two consecutive visits were excluded from the study.

Information regarding pertinent variables to the child\'s nutrition was recorded on a predesigned, pretested, semistructured questionnaire. Mother was chosen as the preferred responder; if mother was not available, grandmother or father or any elderly was chosen as the responder. The exact age in months of the child was computed from the child\'s date of birth as told by respondent. When the exact date of birth was not known, the age as told by respondent was used, corrected to the nearest month.

The respondents were asked for the relevant sociodemographic factors, any past history of illness of the child which required hospitalization, any history of acute respiratory tract infection (ARI) in the past 3 months, and any episode of diarrhea in the past 3 months, suffered by the child.

Anthropometry {#sec2-1}
-------------

Height and weight measurements were recorded following the standard techniques. Weight was measured using the weighing scale, especially for children under 5 years of age, supplied to the Aganwadi workers under Integrated Child Development Services (ICDS) by Government of India. Zero error was checked and adjusted for before every measurement. The weighing scale used could measure maximum 25 kg weight, closest to 100 g (Crown weighing machine, ISO certified 9001, marketed by Ramsons Surgical Company). The weighing scale was standardized after every 50 measurements by using known weights. Weight of the subjects was measured with minimal clothing and bare feet.

The supine length for children up to 2 years of age was recorded to the nearest of 0.1 cm using an infantometer. For children aged \>2 years, height was measured by stadiometer.

Assessment of nutritional status {#sec2-2}
--------------------------------

The nutritional status of the children was assessed by plotting the weight and height of the children on World Health Organization (WHO) 2006 Growth Standards growth charts using z-scores. Children falling below the −2 standard deviation (SD) cutoff were considered to be underweight (weight for age), stunted (height for age), and wasted (weight for height).

Further analysis of data was done and CIAF was calculated, which included all the study subjects who had any form or combination of any form of malnourishment.([@ref6]) Combination of various forms of malnourishment was categorized as the following table: \[[Table 1](#T1){ref-type="table"}\].

###### 

Various forms of malnourishment
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Underweight index (UI), stunting index (SI), and wasting index (WI) were also calculated using the following formulae:([@ref7]) \[[Table 2](#T2){ref-type="table"}\].

###### 

Various indices for malnourishment

![](IJCM-40-268-g002)

Statistical analysis {#sec2-3}
--------------------

The data thus collected was analyzed by using Statistical Package for Social Sciences (SPSS) and Excel package. Significance of differences in the outcome variable between subgroups was tested by using appropriate statistical tests.

Results {#sec1-3}
=======

The prevalence of underweight, stunting, and wasting was 42.8, 41.9, and 22.7%, respectively; however, an overall of 60.04% of the study subjects were found to be faltering on the CIAF. Prevalence of underweight and stunting peaked in the 36--47 months age group; whereas, wasting and CIAF were maximum in the 12--23 months age group \[[Figure 1](#F1){ref-type="fig"}\]. The CIAF increased significantly from 32.9% in 0--11 months age group to 72.9% in 12--23 months age group. However, further on, the prevalence of CIAF attained a plateau, with no significant change in the subsequent age groups \[[Table 3](#T3){ref-type="table"}\].

![Age-wise distribution of malnutrition among study subjects. CIAF: Composite Index of Anthropometric Failure](IJCM-40-268-g003){#F1}

###### 

Prevalence of malnutrition among study subjects
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The table shows that 60.04% of the study subjects were suffering from some or the other form of undernourishment (CIAF). Maximum subjects were in group E (underweight and stunting only, 22.7%), followed by 12% in group F (stunting only), and 10.3% in group C (underweight and wasting only). Prevalence of underweight, stunting and wasting combined (Group D) was 7.2%. Least prevalence of study subjects was in underweight only category Y (underweight only, 2.6%) \[[Figure 2](#F2){ref-type="fig"} and [Table 4](#T4){ref-type="table"}\].
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###### 

Combination of various forms of malnourishment
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UI which shows percent of the total malnourished subjects that were underweight, was 0.713, that is, 71.3% of the malnourished children were underweight. SI was 0.698, that is, 69.8% of the malnourished children were stunted. 37.8% of the malnourished study subjects had wasting, as the WI was 0.378 \[[Table 5](#T5){ref-type="table"}\].

###### 

Valuesof SI, UI, and WI among the studied children
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[Table 6](#T6){ref-type="table"} shows that study subjects detected by CIAF had consistent association, with morbidity indicators like illness requiring hospitalization, ARI episode in past 3 months, and diarrhea episodes in past 3 months; in comparison to the conventional indices of malnourishment like underweight, stunting, and wasting.

###### 

Morbidity profile of study subjects using various malnutrition indices
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Discussion {#sec1-4}
==========

The study shows that CIAF gives a better overview of the overall prevalence of malnutrition in the society. The conventional indicators of malnourishment like underweight, stunting, or wasting; when dealt with individually, miss out on many afflicted individuals who turn out to be apparently normal for that individual criterion. On the other hand, CIAF provides a better picture of childhood nutritional status as it incorporates all the three conventional indicators in unity and so describes the actual number of children suffering from any form of malnourishment. In present study, 60.04% of the children were observed to be undernourished as per CIAF. Various authors have found almost similar prevalence of malnutrition throughout India by using CIAF. Such as Anwar *et al*., (2013)([@ref8]) in rural Varanasi, Nandy *et al*., (NFHS-3 national data; 2013) and Nandy and Miranda (NFHS-2 national data; 2008)([@ref6]) reported prevalence of anthropometric failure as 62.5, 62, and 59.8%, respectively, among children under 3 years age. However, Bose and Mandal (2010)([@ref7]) showed a higher prevalence of under nutrition, that is,73.1% of the studied children by using CIAF, which could be attributed to the rural setting in which the study was conducted. Seetharaman *et al*., (2007)([@ref9]) also reported that higher, that is, 68.6% of the under 5 children were in a state of "anthropometric failure".

Classifying malnutrition into groups like A,B,C,D,E,F, and Y as mentioned in the study, can help to estimate the gravity of malnourishment problem in the community, in a better way. Children falling in the subgroup D, had all three problems, that is, underweight, wasting, and stunting; giving clear indications of worst form of malnourishment, requiring intervention at the earliest. In the present study, maximum subjects were in group E (underweight and stunting only, 22.7%), followed by 12% in group F (stunting only), and 10.3% in group C (underweight and wasting only). Prevalence of underweight, stunting, and wasting combined (Group D) was 7.2%. Similarly, Seetharaman *et al*., (2007)([@ref9]) observed that maximum study subjects were in group E (stunting + underweight) accounting for 24.7%, closely followed by group F (stunting only) 19.3%. 11.9% of the children were in group C (wasting + underweight). Proportion of children in group D (underweight, stunting, and wasting combined) was 5.7%. However, Anwar *et al*., (2013)([@ref8]) observed that of the six subgroups with undernourishment, group F (containing children who are stunted only) was the largest group, accounting for 16.1% children in the sample. Children who simultaneously have wasting, stunting, and underweight (i.e., those in group D) accounted for 12.4% of the children in the sample.

Present study showed that UI was 0.713, SI was 0.698, and WI was 0.378. Anwar *et al*., (2013)([@ref8]) observed that sex-combined overall values of SI, UI, and WI were 0.689, 0.563, and 0.503, respectively. Nandy and Miranda (2008)([@ref6]) reported in a sample of 24,396 children SI, UI, and WI as 0.756, 0.788, and 0.266, respectively. Bose and Mandal (2010)([@ref7]) showed that overall values of SI, UI, and WI in his study, were 0.364, 0.866, and 0.684, respectively.

The present study also shows that malnourished subjects as detected by CIAF, had much consistent association with morbidity indicators like illness requiring hospitalization, ARI episode in past 3 months, and diarrhea episodes in past 3 months; in comparison to the conventional indices of malnourishment like underweight, stunting, and wasting which is in consistence with the well-established fact of the vicious cycle of morbidity and undernourishment.

Conclusion {#sec1-5}
==========

As evident from the findings of the present study, if we continue to rely solely on the conventional indices of malnutrition, we might miss out on the real burden of malnourishment. We, as public health specialists, must realize the importance of estimating the actual burden of malnourishment, for proposing and making sure effective implementation of interventions. This proposed new model of CIAF is a promising tool to estimate the true prevalence of malnutrition in community. Other indices like UI, SI, and WI, give a better overview of the proportion of undernourished children suffering from underweight, stunting, or wasting, respectively, as compared to the traditional indicators. Having said that, the importance of the conventional indicators cannot be under estimated as they reflect distinct biological processes, but the new indices can surely supplement the information by providing a single, aggregated figure of the number of undernourished children in a population.
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